The entropy is one of the most applicable uncertainty measures in many statistical and engineering problems. In statistical literature, the entropy is used in calculation of the KullbackLeibler (KL) information which is a powerful mean for performing goodness of fit tests. Ranked Set Sampling (RSS) seems to provide improved estimators of many parameters of the population in the huge studied problems in the literature. It is developed for situations where the variable of interest is difficult or expensive to measure, but where ranking in small sub-samples is easy. In This paper, we introduced two estimators for the entropy and compare them with each other and the estimator of the entropy in Simple Random Sampling (SRS) in the sense of bias and Root of Mean Square Errors (RMSE). It is observed that the RSS scheme would improve this estimator. The best estimator of the entropy is used along with the estimator of the mean and two biased and unbiased estimators of variance based on RSS scheme, to estimate the KL information and perform goodness of fit tests for exponentiality and normality. The desired critical values and powers are calculated. It is also observed that RSS estimators would increase powers.
Introduction
Suppose a continuous random variable X has cumulative distribution function (cdf) F (x) and a probability density function (pdf) f (x). The differential entropy H(f ) of the random variable X is defined to be
The entropy is one of the most applicable uncertainty measures in many statistical and engineering problems. In statistical literature, the entropy is used in calculation of the Kullback-Leibler (KL) information which is a powerful mean for performing goodness of fit tests. The Kullback-Leibler (K-L) information of f (x) against f 0 (x) is defined in [7] to be
Since I(f ; f 0 ) has the property that I(f ; f 0 ) ≥ 0, and the equality holds if only if f = f 0 , the estimate of the K-L information has also been considered as a goodness of fit test statistic by some authors including [2] and [5] . It has been shown in the aforementioned papers that the test statistics based on the K-L information perform very well for testing exponentiality [5] as compared, in terms of power, with some leading test statistics.
Ranked Set Sampling (RSS) has been developed by McIntyre (1952) . This method is applied for situations in which measuring a variable is costly or difficult, but where ranking in small subsets is easy. In this method, we first subdivide a sample of size n = k 2 randomly into k subsamples of size k, rank each subsample visually or using any simple or cheap method and then in the r th subsample, measure and record only the unit of rank r which is denoted by X (r) r:k (r = 1, . . . , k). Since the subsamples are independent, X (r) r:k 's are independent random variables. Also the marginal distribution of X (r) r:k is the same as that of r th order statistic from a sample of size k of X, i.e. X r:k . As it was proved by McIntyre, mean of this sample is an unbiased estimator of the mean of Y with an efficiency slightly less than 1 2 (k + 1), relative to the mean of a Simple Random Sample (SRS) of size k. Thus "ranked set sampling should be useful when the quantification of an element is difficult but the elements of a set are easily drawn and ranked by judgment." (Dell and Clutter 1972) .
This method was also extended to estimating variance (Stokes 1980a) , correlation coefficient (Stokes 1980b) and the situations in which the sample is subdivided into subsamples of different sizes.
In This paper, we introduced two estimators for the entropy and compare them with each other and the estimator of the entropy in Simple Random Sampling (SRS) in the sense of bias and Root of Mean Square Errors (RMSE). It is observed that the RSS scheme would improve this estimator. The best estimator of the entropy is used along with the estimator of the mean and two biased and unbiased estimators of variance based on RSS scheme, to estimate the KL information and perform goodness of fit tests for exponentiality and normality. The desired critical values and powers are calculated. It is also observed that RSS estimators would increase powers.
Entropy estimation
The nonparametric estimation of the entropy H = 1 0 log dF −1 (p) dp dp. (5) 0.004 (7) 0.014(5) N(0,1) MRMSE (optimal m*) 0.184 (5, 10) 0.246 (5) 0.138 (7, 8) 0.233 ( An estimate of (3) can be constructed by replacing the distribution function F by the empirical distribution F n . The derivative of F −1 (i/n) is estimated by (x i+w:n −x i−w:n )n/(2w). The estimate of H is then
where the window size m is a positive integer, which is less than n/2, and x i:n = x 1:n for i < 1, and x i:n = x n:n for i > n. Ebrahimi et al. (1994) proposed a modified sample entropy as
where
To estimate the entropy in RSS scheme, we may note that the estimator of F −1 (i/n) must be positive for log function to be well-defined. So we have to order the ranked set sample. There are two ways to order this sample. First way is to order each replication, derive the estimator and then take the average as the main estimator. The second way is to order the whole sample of size rk. This two methods yield two estimators as follows
and where 3 Goodness of fit tests Park, S. and D. (2003) derived the nonparametric distribution function of H c (n, m) as
) if n − m + 2 ≤ i ≤ n + 1 They used it to correct the moments of the distribution which are used in goodness of fit tests.
In the exponentiality test, the aforementioned nonparametric distribution is used to estimate the mean andλ c .
The following alternatives of the exponentiality null hypothesis have been considered to estimate the powers.
Gamma distribution with pdf
2. Weibull distribution with pdf
3. Log-normal distribution with pdf
4. Uniform distribution with pdf f (x) = 1 0 < x < 1
As mentioned by Arizono and Ohta (1989) , an estimate for I(f, f 0 ), when f 0 is the normal pdf with known parameters µ and σ is obtained as
When both µ and σ are unknown, we place their estimates, that is,μ =X andσ = (29) and derive the test statistic as
Park, S. and D. replaced the estimates H(n, m) andσ with their corrected estimators H c (n, m) andσ c and derived the test statistic
In the normality test the following alternatives are considered to estimate the powers 1. Uniform distribution with pdf f (x) = 1 0 < x < 1
2. Chi-square distribution with pdf
3. t-student distribution with pdf
4. Exponential distribution with pdf cases are observed by RSS scheme with 10 samples and r replication. Stokes (1980) proposed the sample variance as an estimator of the population variance as followŝ
This estimator is asymptotically unbiased and asymptotically more efficient than the sample variance in SRS. MacEachern et al. (2002) proposed an unbiased estimator of the variance as follows
If we use our entropy estimator for estimation of Kullback-Leibler distance between an unknown pdf and the pdf of the normal distribution, we derive
In goodness of fit test of normality when µ and σ are unknown we can place their estimators in the RSS scheme, i.e.μ in (26) and the Stokes estimator, (21) to derive the test statistic as
If we place the MacEachern et al. estimator of variance in (27), we derive another test statistic as Table 4 contains critical values of exponentiality and normality tests for different values of n, m and α. Table 5 propose a comparison of powers in RSS and SRS schemes, for exponentiality and normality tests. The SRS values of powers are given from Park. S. and D. with the modified sample entropy of Ebrahimi et al. and their modified estimators of moments. We used the similar window size m for the comparison although our maximum powers may be obtained for different Table 6 shows the maximum powers and the maximal window size, m for α = 0.05 of exponentiality and normality tests. Ebrahimi et al. (1992) used such maximality to obtain some optimal window size m for each n. Table 6 shows that here this values of optimal m differs distinctly for different alternatives. In fact choosing an optimal m depends very closely to the alternative which is unknown. So in this paper we use the average of powers for considered alternatives as a measure to decide about the optimal m. The values of average powers are tabulated in Table 7 . The authors believe that this values are more useful for the experimenter who wants to perform a test, since he is not aware about the alternative. Table 8 shows the optimal m and the maximum average powers for different values of n of exponentiality and normality tests. 
